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Evidence for Seasonal Variation in Incidence 
of Renal Adenocarcinoma in Rana pipiens 1 
ROBERT GILMORE MCKINNELL~ 
Newcomb College of Tulane University 
New Orleans, Louisiana 
ABSTRACT - A high incidence of frog reno I odenocorcinomo os determined by autopsy in pur-
chased lote fall and winter individuals is contrasted to the scarcity of the adenocarcinoma in sum-
mer field captured frogs. 
More than 30 years ago, Lucke (1934) described a 
renal adenocarcinoma which affected the common leop-
ard frog, Rana pipiens. The renal adenocarcinoma of 
Lucke was thought to occur primarily among frogs ob-
tained from the Lake Champlain region of Vermont 
(Dmochowski, 1959; Medes and Reimann, 1963; von 
Hahn, et al, 1965) but recently there have been reports 
that other populations of frogs are susceptible. McKin-
nell ( 1965) reported a renal adenocarcinoma incidence 
of 8.5 percent (92 tumors from 1,088 frogs) among ani-
mals obtained from the northcentral United States. The 
high incidence of frog renal adenocarcinoma is in marked 
contrast to the relatively low necropsy rate ( 0.34 per-
cent) of human kidney carcinoma reported by Steiner 
(1954). Rafferty (1965) states that the frog tumor has 
the highest field incidence of any known tumor. 
If the extraordinarily high incidence of the frog renal 
tumor is in fact a characteristic of the population, it 
would seem to be an ideal tumor for the study of the re-
lationship of environmental factors with tumor incidence. 
In the state of Minnesota, one could possibly relate the 
distribution of the affected animals with ecological con-
ditions (grasslands, deciduous or coniferous forests) and 
geological factors. Studies of this nature are already un-
There is renewing interest in the frog renal adenocarci-
noma as witnessed by recent chromosome studies (Di-
Berardino, King, and McKinnell, 1963), electron mi-
croscope studies which disclose a virus in association 
with the tumor cells (Lunger, Darlington, and Granoff, 
1965; Zambernard and Vatter, 1966; Zambernard, Vat-
ter, and McKinnell, 1966), and nuclear transplanta-
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derway concerning the distribution of the burnsi and 
kandiyohi pigment pattern mutants of R . pipiens (Mer-
rell, 1965). 
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tion studies ( King and McKinnell, 1960; McKinnell, 
1962; King and DiBerardino, 1965). Dei;pite these and 
numerous other related studies, virtually nothing is 
known about the natural history (= epidemiology) of 
this neoplasm of the leopard frog. 
It will be the purpose of the present report to record 
tumor incidence obtained from autopsy data from a total 
of 3,183 frogs examined since July of 1962. Of the total, 
1,415 frogs were captured in the field and 1,768 frogs 
were purchased from a dealer. The field captured frogs 
were taken during the months of June through August. 
The purchased frogs were obtained in the late fall or win-
ter months. There was a transitional series of purchased 
frogs obtained between August 1965 and March 1966. 
Purchased Frogs 
Table 1 is a summary of autopsy results of frogs ob-
tained from a dealer (J. R. Schettle Biologicals, Stillwa-
ter, Minnesota; Plant at Houlton, Wisconsin). One hun-
dred nineteen renal adenocarcinomas were discovered 
from a total sample of 1,531 frogs examined over a period 
of three years. The tumor incidence over the three year 
period varied from 5 to 8.5 percent with an incidence of 
7.7 percent for the pooled three year data. A detailed re-
port of methods used and an analysis of the November 
1963 data has been presented elsewhere (McKinnell, 
1965). The 1964 and 1965 samples were comprised en-
TABLE I. Summary of autopsy results of frogs obtained from a 
dealer. The I 963 sample was of mixed frogs , predominately wild-
type pigment pattern with some burnsi and kandiyohi frogs. The 
1964 and 1965 samples were composed of burnsi frogs exclu-
sively. 
Date 
November 1963 ........ 
November 1964 .. . .. . .. 
December 1965 . . . . . . . . . 





















tirely of burnsi mutant leopard frogs. The burnsi frog has 
a relatively restricted range limited primarily to Minne-
sota and eastern South Dakota (Breckenridge, 1944; 
Merrell, 1965; see also McKinnell and McKinnell, 1967) 
and was chosen for study because the occurrence of tu-
mors in burnsi frogs would indicate to at least some extent 
the geographical origin of tumor susceptible frog popu-
lations. 
Frogs Collected in the Field 
Table 2 is a summary of the results of the autopsy of 
l ,415 frogs collected during parts of two summers. No 
renal adenocarcinoma of frogs collected during warm 
months was detected. The 1962 data is of Vermont frogs. 
The 1965 collection of R. pipiens was obtained in IO 
different counties of Minnesota and two counties of 
South Dakota. Captured frogs were autopsied in the lab-
oratory. Kidneys which revealed any pathological change 
were fixed and examined histologically. No renal adeno-
carcinoma was found among the 1,100 frogs examined 
during the summer of 1965. 
TABLE 2. Summary of autopsy results of frogs collected during 
summer months. The 1962 collection was taken from Vermont 
and Quebec Province. The 1965 collection was obtained from 
South Dakota and Minnesota. 
Date 
July 1962 ...... ... _ .. .. . 

















The presence of tumors in winter frogs obtained from 
a commercial source is in contrast to the absence of renal 
adenocarcinoma detected in frogs taken from the field. 
This difference raised several important questions. One 
question pertains to the method of frog storage by deal-
ers. Does crowding in a dealers storage facilities induce a 
higher tumor frequency than that which would be ob-
tained from frogs in the wild? Would frogs purchased 
from a dealer during the warm summer months have the 
same high frequency of tumors as that observed in the 
frogs obtained from dealers during the cold months? It 
was questions such as these which led to the examina-
tion of a series of frogs over a period of several months. 
Table 3 is a summary of the results obtained at autop-
sy of burnsi mutant leopard frogs over a period of sev-
TABLE 3. Summary of autopsy results of frogs purchased during 
the months from August 1965 to March 1966. All of the frogs 
were burnsi mutants. 
Number 
of Frogs Renal Adeno-
Date Autopsied carcinomas 
August 1965 . . . . . . . . . . . . . 79 0 
October 1965 . .. . . . .. . .. . 41 0 
November 1965 . . . . . . . . . . 49 1 
December 1965 . . . . . . . . . . 163 8 









eral months. In this series, it was found that frogs pur-
chased during the warm months gave no evidence of be-
ing susceptible to renal adenocarcinoma, but, as the 
months became cooler, the incidence of recognizable tu-
mors gradually increased to that which we have recorded 
for other groups of frogs purchased in the winter. 
Discussion and Conclusions 
It was reported previously by McKinnell (1965) that 
the northcentral United States have a population of frogs 
which is tumor susceptible. The present study confirms 
the previous report with data derived from an additional 
two years of observations. That is, groups of frogs have 
been examined during the cold months of three consecu-
tive years and have been found to have a high incidence 
of renal adenocarcinoma. Data is presented for the first 
time concerning renal adenocarcinoma incidence of Min-
nesota and South Dakota field captured frogs. The tumor 
seems to be exceedingly rare among summer frogs. The 
tumor also seems to be rare among frogs purchased from 
a dealer from August through October. The high incidence 
observed during the cold months was approached and 
maintained from November through March. 
There are several reports in the literature of tempera-
ture effects on the frog renal adenocarcinoma. Nuclear 
staining is uniform in tumors of frogs maintained at 
warm temperatures but intranuclear inclusions occur and 
peripheralization of chromatin is observed in tumors ob-
tained from cold maintained animals (Lucke, l 938; 
Roberts, 1963; see review by Rafferty, 1964) . There is 
a nine fold increase of metastasis in frogs maintained at 
28 ° C. for 50 days compared to controls kept at 18 ° C or 
Jess (Lucke and Schlumberger, 1949). The staining phe-
nomenon and increase in metastasis associated with tem-
perature change are presented to indicate that the biology 
of the tumor may indeed be affected by a change in tem-
perature. Whether or not the high incidence of tumors 
observed in the winter samples is due to temperature or 
to other factors is not known. 
The present study suggests that winter frogs ( at least 
those obtained from dealers) have a high incidence of 
renal adenocarcinoma and that further, the high inci-
dence is attained subsequent to a summer rate of virtual-
ly zero. A seasonal variation in incidence is suggested 
by Rafferty ( 1964) who postulates that small tumors 
arise in the summer and grow until the onset of hiberna-
tion. Tumor bearing frogs die following emergence from 
hibernation. If this scheme is correct, midsummer popu-
lations of frogs should be tumor free because affected 
frogs from the previous year have perished and new tu-
mors are still too small to be observed. The present re-
sults are in harmony with Rafferty's hypothesis. Crowd-
ing may be a factor in the development of the high inci-
dence observed. 
A question that is in urgent need of answering con-
cerns the incidence of spontaneous tumors in winter frogs 
in the wild. Northern frogs must hibernate at the bottom 
of ponds and lakes where there is little danger of freez-
ing during the winter months. The hibernating frogs are 
cold but are not crowded to the extent that they are in a 
The Minnesota Academy of Science 
dealers storage facilities. The spontaneous tumor incidence 
of hibernating winter frogs remains unknown. 
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